The relationship between population growth and economic growth appeared differently in different countries. It became a debated issue for one country group from another where each country group classified by their income level. This article draws on data of forty countries that is twenty seven years long with each income group consists of ten countries. For panel data analysis the study introduces some econometric tests such as Unit root test, Country Pedroni (2004) cointegration test, Phillips-Peron cross section test, Johansen normalized cointegrating tests and Vector error correction test. The outcome states that in low income countries both variables are in equilibrium and reveals positive relationship. By one percent rise in the growth of population, in the long run, for high income and upper middle income countries the growth rate of GDP will drop by 1.19 percent and 0.044 percent respectively. Meanwhile, significant positive results come from lower middle income and low income countries which were the growth of GDP upswing by 0.44 percent and 0.42 percent respectively by the one percent increase in the growth of population. In high income countries, growth of GDP falls due to rise of the growth of population but the growth of population needs 1.47 year to reach to the equilibrium.
Introduction
The aim of this study is to comprehend the relationship between growth of population and growth of GDP by exercising the long-term historical data and a review of empirical works of different nations in the world. This study reflects two variables of forty countries and those countries are classified in four groups in respect to their level of national income. For any nation population plays a significant role in the growth of GDP. But it all depends on how many of them get transformed into human resource or into plain liability. In order to become a potential country, every nation requires a significant portion of its population to transform into human resource that in turns become a contributing part of the GDP and plays an important role in increasing the growth of the GDP. Generally speaking, each and every country tries to convert its population into human resource, mainly based on its distinct macroeconomic planning of the labor force. Each planning creates various opportunities and scopes for citizens through education, training and research.
In microeconomics, the behavioral pattern and decision making processes, in terms of selling goods for a producer and buying goods for a consumer are so completely different that even the decision of a producer affects a consumer inversely. Economic activities can only move forward when both parties reach to an agreement regarding price and quantity of a particular good or service. And thus all of these economic activities and performances finally get translated into the creation of GDP, which is known as Circular flow (for more, please see the Appendix -1). The performance of two parties, producer and consumer, is an essential representative part of the population of a nation. For any nation, it is therefore an imperative to know the relationship between the growth rate of its GDP and the growth rate of its population in long and short run basis while keeping into account that the stability of these two might determine the forces of basic macroeconomic equilibrium. To know about the basic characteristics of the labor force of a country the structure of its population and growth becomes a vital source of information, where variables such as the unemployment rate, labor force participation rate, working age population, etcetera play key role and ensure contribution to the GDP. This study is going to examine the following countries. To understand such long running relationships between the stated variables: Each group consists of ten countries and each country of the study mull over its GDP growth and population growth of 27 years raw data (from 1990 to 2017). To understand the general relationship between growth of population and growth of GDP for the respective income groups, the following frequency curves are useful:
Source: Analysis of WDI, World Bank data, 2018, in condense form In the study of both variables, only China represents a steady growth of GDP against the rate of population growth but all other countries presenting uneven fluctuations over time and the gap between the variables is not high enough. While for upper middle income countries the study find the uneven fluctuations of both growth rates, but most of the time growth of the GDP is higher than the growth of the population.
Source: Analysis of WDI, World Bank data, 2018, in condense form Other than the frequency curve of Bangladesh rest nine countries that belong to the lower middle income group exhibited irregular oscillation of the growth of GDP compare to the growth rate of population. Here, the data of Bangladesh showed very optimistic and steady GDP growth trend. For that group most of the time the growth rate of GDP curves secured higher position than the growth rate of population in the comparision between two frequency lines.
Source: Analysis of WDI, World Bank data, 2018, in condense form For the low income countries, the study showed that the fluctuation of two said variables is minimum than the other three income groups. The study observes huge fluctuations of the growth rate of GDP in the first phase of Liberia and afterwards it becomes general oscillation which is reflective of the nine other representative countries of that income group.
Review of Literature
For every nation its population is the basic source of production and transforming that into human capital is a major challenge. The possibility for contributing into the GDP goes up when a country enjoys relative abundance in human capital. A segment of population, known as employed labor, directly contributes to the GDP. However, it is the rate of population growth that ensures the growth of higher volume of human capital and employed labor class irrespective of their total number. Particularly, four steps are required to ensure the transformation of population into human capital or employed labor. These are (a) Population, (b) Working-age population, (c) Labor force, and (d) Employment. Parkin (2015) [1] clearly states these steps:
The population is divided into two groups: The workingage population that is the number of people aged 16 years and older who are not in jail, hospital, or in other institution.
On the other hand, people who are too young to work (less than 16 years of age) or are in institutional care constitute the non-working-age population. The working-age population is again divided into two groups: (a) People in the labor force, and (b) People not in the labor force. The labor force is the sum of employed and unemployed workers. To be considered unemployed, a person must be without work and have made specific efforts to find one within the last four weeks, or waiting to be called back to a job from which he or she was laid off, or waiting to start one within the next 30 days.
The issue of labor market is extremely tricky and it has a significant impact on GDP through labor demand and labor supply (for more, please see the Appendix -2). Even, population growth itself has multidimensional effects on different related issues, such as the age structure of a country's population, international migration, economic inequality, the size of a country's work force, etcetera. These factors both affect and are in turn get affected by the overall economic growth.
To know the explanatory impact of population growth on the GDP rate, the human capital becomes a determining factor between the two variables. The concepts of human capital explicates by Son (2010) [2] , he refers to the ability and efficiency of people to transform raw materials and capital into goods and services, and the consensus is that these skills can be learned through the educational system. [4] introduce the relationship between birth rate and per capita income. "…….(H) ousehold level consequences of high birth rates were believed to exert a significant negative effect on per capita income growth. High birth rates and rapid population growth in poor countries would divert scarce capital away from savings and investment, thereby placing a drag on economic development". Piketty (2014) [5] observes that economic growth "…..always includes a purely demographic component and a purely economic component, and only the latter allows for an improvement in the standard of living" (p. 72). Economic growth (for more, please see the Appendix -3) is measured by percentage changes in a country's GDP. Population growth is an important factor in the overall economic growth. Wesley and Peterson (2017) [6] find the opposite impact of population growth on GDP growth for low income countries and for high income countries:
In low-income countries, rapid population growth is likely to be unfavorable in the short and medium term because it leads to large numbers of dependent children. In the longer run, there is likely to be a demographic dividend in these countries as these young people become productive adults. It has also been argued that population growth induced by higher levels of fertility can reduce general well-being in contrast to growth resulting from declines in mortality rates. In high-income countries, population growth is low and in some cases negative, giving rise to age structures with a high proportion of elderly people in the population. The burden of supporting a large number of retired people could be eased if population growth were higher in these countries.
For low income countries GDP growth will remain domineering for at least two reasons. First, according to Piketty (2014) [5] , slow economic growth may continue to be a factor in rising inequalities in the distribution of income and wealth. Second, in low-income countries it is crucial for raising the level of living and reducing global inequalities between the more prosperous industrialized countries and those that are poverty stricken, where standards of living is low and still widespread. Furthermore, the role of effort or luck of it cannot play a large role in explaining the global distribution of individual income (Milanovic, 2015) [7] .
There are some conceptual schools that explore the basic relationship between population growth and GDP growth. The basic classical idea mainly based on a subsistence real wage rate, which is the minimum real wage rate needed to maintain life. Here labor supply as well as population growth determined by the minimum real wage rate. On the other hand, the neoclassical view is that the population growth rate is independent of real GDP and the real GDP growth rate.
The population growth rate equals the birth rate minus the death rate. The birth rate is determined by the opportunity cost of a woman's time. Fall in both birth and death rate have offset each other and made the population growth rate independent of the level of income. Finally, the new growth theory holds that real GDP per person grows because of choices that people make in the pursuit of profit and that growth can persist indefinitely (Parkin, 2010) [8] .
If the public and private sector initiatives regarding transforming population into human capital remain the same, that is if the cost of education, training, research, etcetra remains fixed, then population growth plays the role of explanatory variable to determine the rate of growth. Without this explanatory variable, GDP of a country gets determined by a lot of explanatory variables such as -investment in capital machineries, level of technology, alternative resource usages, external economy, and even socio-political issues might play a significant role in determining the volume of GDP. This study is based on the relationship between the growth of population and the growth of GDP growth, besides it analytically compares nations from four categories of income level.
Statement of the Problem
Based on both short and long run analysis this study highlights the effect of population growth on the GDP growth. To achieve the long run equilibrium this study finds out stability of two variables among the categories of four nations.
Objectives
1. To know the long running relationship between population growth and GDP growth among different nations. 2. To find out the countries that ensures the stability of equilibrium. 3. To find out the reasons active behind the stability.
Hypothesis
There exists a negative or a positive relationship between GDP growth and population growth among the four categories of nations.
Research Methodology
The study categorizes four groups of countries according to their level of development. The four categories are identified by considering the index of income according to the classification formulated by the World Development Indicators (WDI) and the World Bank. These categories are i) low income, ii) lower middle income, iii) upper middle income and iv) high income. The study is comprised of four groups of forty countries, each group is consist of ten countries and for each country the study mull over raw data on its growth of GDP and the growth of population covering a total period of 27 years (from 1990 to 2017). This is a secondary data based study that uses data from sources like the World Development Indicators (2018) [9] and the World Bank. The selection procedure of forty countries was based on purposive sample technique and followed by the classification of the WDI and the World Bank data. Apart from those two sources the study makes good use of data gathered from authoritative research journals, periodicals, books, and online authentic sources.
To analyze the panel data and to find the results some necessary econometric tests have been incorporated here. These are Panel unit root test (without and with trend), Country Pedroni (2004) 
Therefore, the null hypothesis is : =0∀ for all and the alternative hypopaper : < 0∀ . In this paper, Levin, Lin, and Chu (LLC) (2002) [10] test use for common Unit root test.
The LLC Test
Since the individual unit root test has limited power against the alternative hypothesis with highly persistent deviation from equilibrium, LLC incorporates common unit root process. The null and alternative hypothesis are respectively : =0∀ and : < 0∀ .
The LLC test proceeds in three main steps: First, Augmented Dickey-Fuller (ADF) test is occupied for each cross-section by extending the model (1) and (2) with additional lags of the dependent variable:
In the second step, two auxiliary regressions are estimated: 1. 
Where ˆi σ ε denotes estimated standard error from each ADF regression for = 1,., .
In the third step, the pooled OLS regression is run:
The standard -statistic for is measured as:
In addition, the adjusted test statistic is computed as: 
Pedroni (2004) Test for Panel Cointegration Test
Pedroni (2004) The null hypothesis of no cointegration for the panel cointegration test is the same for each statistic, : 1, for all 1 ,....., N 0
Whereas the alternative hypothesis for the betweendimension based and within-dimension based panel cointegration tests differ. The alternative hypothesis for the between-dimension-based statistics is :
1, for all 1 ,....., N 0
Vector Error Correction Tests
If in Johansen cointegration test detected cointreagation between the series that means there exist a long running relationship of equilibrium between explained and explanatory variables. So, researcher applies VECM for testing short running association of cointregated series. The regression equations of VECM are as follows:
Where pq is the error correction component of the model that measures the speed at which prior deviations from equilibrium are corrected. VECM indicates that any short term fluctuations between explained and explanatory variables give rise to the stable long running relationship between them.
Results & Discussion

Unit Root Test Results: (Without Trend)
To know the long running relationship between the growth rate of GDP and the growth rate of population, the analysis incorporate panel Unit root test results, which explored and ensured the possibility of the study and analysis as well. When the persistence parameters are common across crosssection then this type of process is called a common unit root process. Levin, Lin and Chu (LLC) (for more, please see the Appendix -4) employ this assumption. The results are From this study, three categories out of the four, namely upper middle income, lower middle income, low income (represented by thirty countries) of LLC test (without trend), showed that GDP growth (annual%) and population growth (annual%) are one percent level of significance at the first difference and the data are stationary. Even for the high income countries of LLC test delivered the evidences that GDP growth (annual%) and population growth (annual%) are significant at 1% and at 10% level and in the first difference both are significant at 1% level. So, the study uncovers that the data maintains the rule of stationary. Near similar results found from panel unit root test with trend analysis. Here, the high income countries of LLC test provide the evidence that GDP growth (annual%) and population growth (annual%) are significant at level by 1% and by 10% respectively and in first difference both variables have unearthed high significance (1%). So, the study establishes that the data are stationary. The counties representing other three categories, namely upper middle income, lower middle income, and low income of LLC test offered the evidences that GDP growth (annual%) and population growth (annual%) both are highly significant (1%) at level and in the first difference. So, the study, regarding two variables, established the rule of stationary for both unit root tests with trend and without trend.
Panel Unit Root Test: (With Trend)
Pedroni (2004) Cointegration Test
In the cointegration tests, it is considered that the null hypothesis of no cointegration must take into consideration the so-called "spurious regression" problem. Tests based on the null of cointegration must take into consideration an efficient estimation of a cointegrated relationship. To reduce exogeneity the study introduce pedroni (2004) cointegration test (for more, please see the Appendix -5) The results of Pedroni (2004) cointegration tests for the countries of four categories explored empirical evidence with individual intercept and individual trend test statistic within-dimension and between-dimension. The outcome of the test statistics showed that, six out of seven test statistics (Panel rho-Statistic, Panel PP-Statistic, Panel ADF-Statistic, Group rho-Statistic, Group PP-Statistic, Group ADF-Statistic) are highly significant (1% level). So, the study discovered that, there exists a long running relationship between the growth of GDP and the growth rate population.
Phillips-Perron Cross Section Tests
To overcome serial correlation and heteroskedasticity, the study incorporates Phillips-Perron (PP) tests. For any serial correlation and heteroskedasticity in the errors Ut nonparametrically modifying by the Dickey Fuller (DF) test statistics through Ordinary Least Squares (OLS), but serial correlation will present a problem. To account for this, the augmented DF test's regression includes lags of the first differences of Yt. The PP test involves fitting {∆Yt = ρYt−1+ (constant, time trend) + Ut ……(1)}, and the results are used to calculate the test statistics. The analysis PP test found that, in the high income countries, Spain has no long running relationship between GDP and population for both with and without trend because of zero bandwidth. In the same country category, United States unearthed an indefinite picture about the said relationship by the bandwidth of zero and one for with trend and without trend respectively. For upper middle income countries the outcome of zero bandwidth showed by Argentina and Turkey, which ensured that they have no long running relationship between the growth rate of GDP and the growth rate of population. Here, the outcome of PP test showed that Russian Federation does not have any clear picture than other seven nations. Again, the said relationship cannot be established by Pakistan and Sri Lanka which belongs to the lower middle income countries. Finally, most of the countries representing as low income secured the uttered affiliation, other than Uganda and Mozambique. Within these two countries, there was no relationship found from Mozambique and Uganda exhibited an indistinct result regarding the two variables.
Vector Error Correction Tests
The use of Vector Error Correction Models (VECM) in the study of multivariate nonstationary time series has become a useful tools (for more, please see the Appendix -6) The main reason is that VECM allow one to describe the long-running relationships and the short-running relationships of nonstationary variables. In VECM, the cointegrating rank gives the number of independent linear stationary combinations of a multivariate nonstationary process. The autoregressive order gives the number of short-running relations. In the high income countries, VECM find the evidence that population growth rate showed 68 percent error in short run on the model for each year. So the model requires to correct 68% error in each year then it will reach to equilibrium in 1.47 year (=100/0.678). Meanwhile, the growth rate of GDP is already in equilibrium position (100/3.359 = 29.77, which is more than one). The study found a reverse picture about the growth rate of population regarding the upper middle income countries. In short run, growth rate of population presented 0.00075 percent error in the model for each year. By rectifying 0.00075% errors each year, it would be grasped in equilibrium in 1,33,333.33 years (=100/.00075), which is impractical and inconvenient for countries belongs to upper middle income; while, GDP growth rate of these countries are already in equilibrium (100/0.431=232, which is more than one). Again, near same remark is applicable for the category of lower middle income countries concerning the two variables. In short run, the growth rate of population found 0.0015 percent error in the model for each year and that would not be reached to equilibrium (The analysis found an impractical result, that is it required to reach in equilibrium by 66666.67 years), while GDP growth rate already is in equilibrium position. A significant and useful result found from the countries of low income category, in the short run, result depicted that, population growth rate and GDP growth rate both are in equilibrium. It can be assessed that new portion of population of the low income countries (other than countries of Mozambique and Uganda) can directly be contributed to their GDP.
Johansen Normalized Cointegrating Tests for Long-Run Coefficients Estimates
With the development the two said variables, Johansen Normalized Cointegrating Tests can be caused permanent changes in the individual variable, there are some longrunning relations of equilibrium within the individual β variables, represented by some linear combination of them.
The outcomes of the Test are: For high income countries, the result of Johansen normalized cointegrating test explores that, in the long run, if population growth rate rise 1 percent then the GDP growth rate will drop 1.91 percent. There is that same negative relationship assessed by upper middle income countries, where in long run if the growth rates of population increases 1 percent then the growth rate of GDP plunges down to 0.044 percentage point. Meanwhile, from the study, other two categories of countries, lower middle income and low income explored a positive relationship between the concerned variables. In lower middle income countries the result showed that, in long run, if the growth rate of population rise 1 percent then growth rate of GDP will also upswing 0.44 percent. Finally, for low income countries, the growth rate of GDP will also increase by 0.42 percent, if the growth rate of population increases by 1 percent. It can be assessed that the growth rate of population will be capitalized by augmenting the growth rate of GDP for the lower middle income countries and low income countries.
Findings
To know the relationship between the growth rate of population and the growth rate of GDP for forty countries of four categories, the estimates of Unit root tests results considering both with and without trend explored that the data follow the rule of stationary. The analysis discovered that, there exists a long running relationship between the growth of GDP and the growth of population growth rate by the results of Pedroni (2004) cointegration tests. The test statistics showed that, six, out of seven test statistics (Panel rho-Statistic, Panel PP-Statistic, Panel ADF-Statistic, Group rho-Statistic, Group PP-Statistic, Group ADF-Statistic) are highly significant (1% level). To overcome the problems of serial correlation and heteroskedasticity the study exercised the Phillips-Perron (PP) tests. From the examination of PP test, Spain and United States unearthed an indefinite outcome about the said relationship in the high income countries. Rest of the eight countries of that group explored a long running significant relationship between the two said variables. Again, the study did not find the aforesaid affiliation of two variables in Argentina, Turkey and Russian Federation for the upper middle income countries; Pakistan and Sri Lanka of the lower middle income countries and finally, Uganda and Mozambique of the low income countries. It can be assessed that, most of the countries, i.e. thirty one countries out of forty countries, the study findings obtained the said relationship in the long run.
In short run, VECM find the evidence that population growth rate exhibited 68 percent error in each year for the high income countries and it requires 1.47 year to reach to the equilibrium. A significant and convenient result found from the countries of low income category, it depicted that, population growth rate and GDP growth rate both are in equilibrium. It can be judged that additional population of the low income countries (other than Mozambique and Uganda) contribute to their rate of GDP growth. In the long run, from Johansen Normalized cointegrating tests presented that by one percent rise in population growth for high income and upper middle income countries growth rate of GDP will fall by 1.19 percent and 0.044 percent respectively. Meanwhile, significant positive results found from lower middle income and low income countries which were growth of GDP upswing by 0.44 percent and 0.42 percent respectively by the one percent increase of growth of population.
Conclusions
The characteristics and the patterns of population appeared differently from one country group to another. Generally, it can be assessed that, the countries that belong to high income group might be successful in transforming more of their citizen into human capital than the countries that belong to comparatively low income groups. So there is a possibility for the people of high income group nations that are contributing more to their respective growth of GDP growth. From the outcome of the study, most of the countries (eight out of the ten countries) that belong to the high income group explored a long running significant relationship between the growth of GDP and the growth of population. Meanwhile, a resourceful labor force of a nation may not always be contributed to their respective growth of GDP, here, the willingness to work or willingness to leisure termed as the backward banding supply curve (for more, please see the Appendix -7) become another issue for labor force participation of the total volume of population which belongs the countries of high income group. From the practical panel data series of different income groups of distinct country, this study mainly explored the short and long running relationships between the growth rate of population and the growth rate of GDP and its stability. After evaluating the said data through different econometric test, the policy suggestions of the research are a) Each country can rethink about their resource allocation β
